E ach year, approximately 105,000 Korean people experience a new or recurrent stroke, which amounts to an individual having a stroke, on average, every 5 minutes. 1 By 2030, the annual incidence of stroke in Korea is estimated to rise to 350,000 due to a rapid increase in the elderly population. 1, 2 Because of the functional limitations commonly seen after stroke, it is not surprising that these individuals have reduced physical activity (PA) levels. In addition, those physical limitations can lead to disuse atrophy of muscles, cardiovascular deconditioning, social isolation, and associated physiological factors, which cause these individuals to be at a greater risk for secondary cardiac complications and recurrent stroke. 3, 4 One commonly reported problem poststroke is depression, which has been shown to have a negative impact on quality of life, increase functional impairments, and result in higher mortality rates. [5] [6] [7] [8] For example, Hackett et al 8 conducted a meta-analysis and reported that about 33% (95% confidence interval [CI]ϭ29%, 36%) of patients with stroke experienced poststroke depression. In other studies, 9 -11 researchers found that aerobic exercise is an effective antidepressant in people without stroke. Strong evidence suggests that exercise not only reduces the risk of developing depressive symptoms but also reduces the symptoms of depression, as well as having a large positive effect when baseline depression is severe. 9 -11 This evidence supports the idea that if individuals who have experienced a stroke participate in more PA, depressive symptoms may be reduced and result in improved physical functioning and quality of life.
Currently, the American Heart Association, the Centers for Disease Control and Prevention, and the American College of Sports Medicine recommend a moderateintensity PA dose of 150 minutes per week and a vigorous-intensity PA dose of 75 minutes per week. 4, 12, 13 These recommended levels are believed to improve mental health, including depression; however, it is not clear whether these recommended PA doses will have a similar impact in individuals with poststroke depression. For example, Cumming et al 14 conducted a systematic review and reported that increased PA for patients with stroke could improve cognitive performance, including depression; however, they reported that the studies in the systematic review had small samples and methodological shortcomings and, therefore, that additional comprehensive randomized trials are needed to test the effects of PA on poststroke depression. In addition, Graven et al 7 conducted a meta-analysis and reported that only 2 out of 10 studies had positive effects of exercise programs on reducing poststroke depression symptoms. Although the studies by Lai et al 15 and Sims et al 16 demonstrated a significant benefit of exercise programs on poststroke depression, the duration and intensity of their studies were different from the recommended duration and intensity level of PA. In the study by Lai et al, 15 participants completed 36 sessions of compressive exercise programs, including strength, balance, endurance, and upper extremity programs, for a 9-month period, whereas in the study by Sims et al, 16 participants completed these exercises twice a week for 10 weeks within a community exercise program. Moreover, Lai et al 15 targeted patients who were discharged from acute rehabilitation, and Sims et al 16 used a convenience sample. Therefore, these study samples may have had different stroke recovery capacity or related patient characteristics compared with adults who had a history of stroke and live in their communities, and their study findings may not be generalizable to all populations.
The best research design that can test the effects of recommended PA dose on depression is a randomized controlled trial (RCT), which allows researchers to assume that baseline characteristics between comparison groups will be equally distributed and, thus, not bias the results. However, this design is costly, time-consuming, and may not be feasible in some cases. An alternative research design method may be a quasiexperimental design that can imitate a RCT using propensity score (PS) methods by balancing groups on known confounders. 17, 18 Using a quasi-experimental stroke cohort, we investigated whether meeting recommended levels of PA reduces the risk of depression using PS methods. Specifically, the purpose of this study was to apply 3 different statistical methods that control for covariate differences and compare the effects of PA on reducing depression risk among people with stroke. The findings from this study may provide empirical evidence for further research into clinical recommendations of exercise to help treat, lessen, or prevent depression among people with stroke.
Method Study Population
Health-related information on participants who were diagnosed with stroke was extracted from the 2013 Korean Community Health Survey (KCHS) data set. Participants who were diagnosed with depression by a physician in the past 12 months or currently receiving depression treatments were identified within the cohort.
The KCHS is a national health survey administered annually to communitydwelling Korean adults aged 19 years and older by the Korea Centers for Disease Control and Prevention (KCDC) between August and October. 19 The 2013 KCHS was designed to collect various health-related information: demographics characteristics, health behaviors (PA, smoking, and alcohol consumption), chronic diseases (ie, depression, stroke, diabetes), quality of life, use of medical services, vaccination, accidents (ie, car accidents, falls), dental care, and nutrition. 19 In 2013, the KCHS had a sample size of 228,781, and this sample was recruited based on the 2 stages of the sampling method (resident areas and number of household members). This sampling method ensured that the sample would be representative of the entire community-dwelling adult population in Korea.
The 2013 KCHS was approved by the Institutional Review Board of the KCDC (2013-06EXP-01-3C). Because the KCDC removed any personally identifiable health information before releasing the data set as a public source, this study was considered not to be human subjects 20, 21 Vigorous-intensity PA was defined as a minimum of 75 minutes (ie, swimming laps, running, or jumping rope; 25 minutes over 3 days, approximately 6 -8 METs) per week. 20, 22 The survey participants were asked how many hours or minutes they performed moderate and vigorous PA during the last week. Based on their responses, we categorized participants into 2 groups: one group contained those participants who performed moderate or vigorous PA, and the other group contained those participants who did not perform the recommended PA using American Heart Association PA guidelines. 4, 12, 13 In this study, participants who reported meeting moderate or vigorous PA recommendations were included in the PA group, and participants who did not meet PA recommendations or did not participate in any PA were included in the non-PA group. Covariates used in this study were selected from the data set according to their likely association with risk of depression among people with stroke. 23 The covariates examined in the 2013 KCHS data were: age, sex, marital status, resident type, household income, education, body mass index, history of smoking, alcohol consumption (more than 2 or 3 times per week or more than 2-4 times per month), falls, osteoarthritis, osteoporosis, cataracts, disorders of lipid metabolism, asthma, hypertension, atopic dermatitis, allergic rhinitis, and diabetes mellitus.
Data Analysis
Univariate analyses were conducted to describe demographic characteristics. Categorical variables were presented as number and percentage, and continuous variables were presented as mean and standard deviation. The differences between the PA groups were investigated with the chi-square test for categorical variables and the t test (independent-samples t test or Wilcoxon rank sum nonparametric test) for continuous variables at an alpha level of .05. Multivariable logistic regression and PS matching methods were used to estimate the effects of PA on risk of depression at an alpha level of .05. All analyses were performed using SAS statistical software version 9.4 (SAS Institute Inc, Cary, North Carolina). 24 
Covariate Controlling Methods
In contrast to randomized clinical trials, observational studies may not measure the true treatment effect differences between treated and control groups because confounders may not be systematically balanced. This is commonly referred to as selection bias. In the last 20 to 30 years, alternative methods for obtaining true exposure effects in observation research have been studied and embraced by the research community. 25, 26 The first method that we used to examine the odds of depression between patients with stroke who satisfy minimum PA requirements and those who do not was the traditional multivariable control of covariates of the outcome model using multiple logistic regression. This method has traditionally been used to control for confounding; however, it has been shown to result in residual confounding due to indication (selection bias). 25 The determination of covariates in the final regression model was based on the smallest Akaike information criterion and Schwarz criterion. The model fit (covariate P values) was tested using manual backward selection regression methods, where all potentially confounding covariates were included in initial models and removed one at a time by the analyst according to model fitting criterion. Covariates were removed one by one when their P value was greater than .20 and when the values of the Akaike information criterion and Schwarz criterion became significantly smaller than the values in the previous model containing the covariate. 27 This procedure was repeated until the most parsimonious regression model was reached.
The second method that we used to examine the aim of this study was to perform PS matching between the 2 groups. Propensity score matching is a study design method that is used with a logistic regression model for binary outcomes to calculate the probability of exposure to an event (PA) while controlling for all potential confounders. We used a Greedy 1:1 matching algorithm (without replacement), also known as "nearest neighbor," with a caliper distance of less than 0.1 standard deviation of the logit. An SAS macro was modified and adapted for the purpose of matching. 28 After using PS matching of patients who reported meeting moderate or vigorous PA recommendations with an equal group of similar patients who did not meet recommendations or did not participate in any PA, we performed the outcomes analysis in the same way as described in the first method.
In order to judge whether the PS matching algorithm was able to successfully match the PA group with the non-PA group, we examined whether the differences between the means of the baseline covariates used to match the patients were similar. The absolute standardized differences in means of all covariates were used as balance diagnostics, calculated by the differences in means of each covariate divided by the standard deviation in the PA group: [(X PA ϪX control )/ PA ]. 17, 25 The criterion of a threshold of a good match is a standardized difference less than 0.2, indicating a negligible difference in covariates between the 2 groups. 25, 29 In addition, percentage bias reduction of covariates was calculated as follows: (1ϪB i )/B j ϫ100%, where B i and B j are postterm minus term differences in covariate means after matching and before matching, respectively. 30 Lastly, inverse probability of treatment weighting (IPTW) based on the PS was performed to compare the results estimated from the PS matching model because the matching method often results in the elimination of observations when one of the comparison groups has a small sample size and may reduce power and generalizability. 26, 31 In contrast, IPTW uses a weighted inverse probability of receiving the treatment (the PS) for all observations in the 2 comparison groups, resulting in no loss of
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observations. 32,33 After using PS methods to perform the IPTW estimates based on PS, multiple logistic regression modeling was performed to estimate the final PA effect on risk of depression in the same manner as was done in the first and second methods.
In this article, we report the effects of PA (moderate or vigorous) on the risk of depression using 3 estimation methods: (1) covariate adjustment using multivariable logistic regression, (2) PS 1:1 matching and covariate adjustment with multiple logistic regression, and (3) IPTW of the PS and covariate adjustment with multiple logistic regression.
Results
We identified 4,555 people with stroke in the 2013 KCHS data set. Among the extracted target sample, 182 people were identified as having depression. Before matching, there were 1,970 individuals meeting PA levels and 2,585 individuals who did not meet recommendations or did not participate in PA. After applying 1:1 matching, the number of participants in each group used to compare the effect of PA was 1,970. Table 1 presents the differences between people meeting recommendations and those not meeting recommendations in PA at baseline. There were significant differences in 16 out of 19 baseline covariates between the 2 groups (PϽ.05). Table 2 presents the differences in covariates between people meeting recommendations and those not meeting recommendations in PA after applying 1:1 matching (analysis method 2). After matching, all covariates satisfied the minimum reduction, as shown in the Figure by the absolute standardized differences. The absolute standardized differences in the means of all covariates were less than 0.2 after matching, which indicates that selection bias of the known covariates was controlled by the matching method ( Figure) . The total percentage of bias reduction of the covariates was 85.3%. After matching the 2 groups, 13 covariates did not differ significantly at baseline (all P values Ͼ.05); however, 5 covariates remained different between the groups: age, female sex, current drinker, household income, and high education (all P values Ͻ.05). As a method to further control for these group differences, the 5 covariates were included in all 3 covariate adjustment methods when estimating the effects of PA on poststroke depression using multivariable regression. We conducted a subanalysis to further examine the relationship between the moderate-and vigorous-intensity PA levels to the risk of poststroke depression (Tab. 4). Moderate PA, alone, reduced the risk depression by between 28.4% and 30.7%, depending on which of the 3 estimation methods was used (ORϭ0.693-0.716, all P values Ͻ.05). 
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Models estimating the association of vigorous PA on the risk of depression indicated mixed results, with estimates varying widely; however, the impact of vigorous PA was not statistically significant in any of the 3 PS models (all P values Ͼ.05).
Discussion
Physical activity demonstrated significant depression risk reduction for people with stroke (36.1%-42.4%), regardless of statistical analysis method (ie, a traditional covariate control and the 2 PS matching methods with covariate control). The PS matching method successfully controlled covariates, and, thus, it imitated an RCT. To our knowledge, our study was the first attempt to investigate the effects of the recommended levels of PA on the risk of depression for people with stroke in a Korean sample. As the increasing number of survivors of stroke and the high prevalence of poststroke depression can cause poor rehabilitation outcomes, 22, 42 identification of the effectiveness of PA for those patients is important. Although the findings indicate that PA was effective in reducing the risk of depression, poststroke depression is associated with biological changes after stroke 43 and psychosocial mechanisms (ie, social isolation and neurotic personality traits). 44 Therefore, the combination of PA and a multifactorial approach (ie, antidepressant medications and behavioral supports) would likely prove an even more effective prevention approach for people with poststroke depression. These combinations of therapy should be studied in future research.
In 
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group (nϭ400) compared with the moderate-intensity PA group (nϭ1,766). The criterion for vigorous PA of 75 minutes (25 minutes over 3 days) per week may be too challenging for people with stroke, making the application of this definition for vigorous PA inadvisable in this patient cohort. Therefore, future studies are needed to confirm the study findings with a larger sample size for this specific population.
Second, for adults with stroke who are able to conduct PA with vigorous intensity (approximately 6 -8 METs), performing PA might not be a considerable contributing factor for the risk of depression because they are able to perform most high-intensity physical activities. Those individuals may be different from the more typical survivors of stroke, who are able to perform only low levels of PA or activities of daily living (eg, dressing, feeding). 4 In addition, vigorous PAs equivalent to MET values between 6 and 8 are high-intensity activities, such as playing basketball, playing football, skiing, participating in rodeo competitions, and wrestling. 21 For individuals who are performing vigorous PA, the risk of depression might be related to other issues, such as social participation, family issues, or self-esteem, instead of performing PA. Unfortunately, we were unable to examine these factors using the KCHS, as it does not include these data. Therefore, future studies are needed to investigate the risk of depression among adults who have a history of stroke and a high PA performance level.
Although we used 3 covariates adjustment methods, we were not able to identify the causal relationship between PA and the risk of poststroke depression because of the cross-sectional design of the national survey. For example, in our cross-sectional design, cause and effect of PA on reducing the risk of depression is hard to establish because of the absence of the random assignment of the PA and the uncertainty of the time sequence between PA and the presence of depression in the sample. Billinger et al 4 reported that there is a complex relationship between PA and depression among survivors of stroke. In other words, depression can affect participation in PA, and PA can affect depressive symptoms. Although prospective RCTs that control for balance between covariates and the time sequence of PA would best address questions of cause and effect, the study design used in this investigation successfully mimicked RCTs by controlling for and balancing for differences in known covariates and indicated meaningful estimations of the potential for reducing the risk of poststroke depression. Therefore, we recommend that clinicians incorporate PA as a therapeutic strategy when treating survivors of stroke.
Because people with poststroke depression are often living in a rather isolated way when they lose initiative due to the depression, it would be challenging for health care professionals to support the individuals with poststroke depression and to provide PA programs. A possible intervention would be identifying PA that is enjoyable to survivors of stroke by making the identified PA a leisure activity for them before they are discharged to their communities. Ashe et al 45 reported that about 30% of older adults (over 65 years) meet guideline leisure-time PA 
without any interventions. We expect that early intervention would help to identify tailored PA that could act as leisure activity for survivors of stroke even after they are discharged to community settings. In addition, early interventions (ie, occupational therapy or physical therapy) in rehabilitation settings would further increase the percentage of survivors of stroke who perform PA as a leisure activity or as part of daily routines in their communities. As our study findings indicate that PA reduces the risk of poststroke depression, we recommend that health care professionals incorporate PA as a depression preventative strategy in the early stage of rehabilitation (ie, inpatient rehabilitation facilities).
Propensity score matching methods successfully controlled selection bias by balancing covariates between comparison groups, and, thus, PS matching methods imitated an RCT. Specifically, the second PS matching method showed lower odds of depression (0.576) among the PA group participants compared with the group who did not satisfy PA recommendations. This method is most similar to RCTs, as it matches one case to one very similar control using PS methods. It also reduces the sample to the cohort of individuals with stroke who would most likely undertake or benefit from the treatment of PA, similarly to how RCTs target enrollment by excluding individuals who are not optimal for treatment. 
Limitations
This study had several limitations. First, the 2013 KCHS was not designed for experimental studies to prove causality of the effect of exposure between the treatment and control groups by controlling confounders (random assignment) or by assessing the time order between treatments and outcome measurements (time ordering). 46 The issue of controlling covariates was successfully addressed using PS matching methods (13 out of 19 covariates); however, there may be bias remaining in unaccountedfor covariates that may be confounders (hidden bias), such as stroke severity, predepression status, or history of depression treatments. For example, the KCHS does not include information about the stage of poststroke recovery for survey respondents. As PA recommendations will vary with recovery stages (ie, acute versus chronic), our findings may not be equally applied to patients with stroke who are in various recovery stages. Also, the unknown time ordering between PA and onset of depression is significant. Second, in our study, the primary outcome measure of depression was the presence of depression and its diagnosis by a physician in the prior 12 months. In most studies of poststroke depression, participants are asked specific questions about depression, and in the studies by Jonsson et al 47 and Micaela Silva et al, 48 many individuals who were not diagnosed with depression were found to be depressive. Therefore, the study findings could be influenced by type II errors while estimating the risk of poststroke depression. In this case, standardized depression outcome measures, such as the Beck Depression Inventory-II, the Center for Epidemiologic Studies Depression Scale (CES-D), and the Geriatric Depression Scale, would more accurately measure the level of depression in a variety of populations. As we reported only the odds ratio of PA on poststroke depression, the results may not be comparable to those of other depression studies.
Lastly, the KCHS may have typical limitations of self-reported surveys, such as recall bias, misunderstanding of questions, or giving socially desirable responses because participants were asked in face-to-face interviews about various health-related information or events in the last 12 months.
In conclusion, the intensity of PA (a minimum of 150 minutes of aerobic exercise per week or a minimum of 75 minutes of vigorous activities per week) has been recommended by the American Heart Association, the Centers for Disease Control and Prevention, and the American College of Sports Medicine to improve physical and mental health for general population. Using 3 different statistical methods, those levels of PA were negatively associated with depression for people with stroke in a large, representative sample of community-dwelling Korean adults. Clinicians may choose to recommend PA to patients after stroke in order to increase the likelihood of depression prevention. Lastly, crossvalidating the effects of PA using a traditional covariate controlling method ver- 
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